The purpose of this experiment was to investigate genetic diversity, classification and comparative study on the larval phenotypic data in all 54 oval cocoon strains of Iran silkworm Bombyx mori 
INTRODUCTION
The art of silk production is called sericulture that comprises of cultivation of mulberry, silkworm rearing and post cocoon activities leading to production of silk yarn. Sericulture provides gainful employment, economic development and improvement in the quality of life to the people in rural area and therefore it plays an important role in anti poverty programme and prevents migration of rural people to urban area in search of employment. Hence, several developing nations like China, India, Brazil, Thailand, Vietnam, Indonesia, Egypt, Iran, Sri Lanka, Philippines, Bangladesh, Nepal, Myanmar, Turkey, Papua New Guinea, Mexico, Uzbekistan and some of the *Corresponding author. E-mail: mirhosin@guilan.ac.ir.
African and Latin American countries have taken up sericulture to provide employment to the people in rural area (Sohn, 2003) .
Investigation on germplasm varieties is one of the most important part in the maintenance of silkworm germplasm resources, which will be useful for effectively utilizing the silkworm for breeding and genetic research purposes (Sohn, 2003) . Zhao et al. (2007) presented quantitative character jointly controlled by multiple genes and environmental factors, so that it is difficult to distinguish the effect of multiple genes from that of environmental factors. However, we can conduct the selection according to the actual performance or the predicted identification data of the silkworm lines. The wide variation obtained among the strains in respect of studied characters facilitates to Afr. J. Biotechnol. select for breeding on these principal traits will be useful. The existence of genetic variability in economic characters is obviously a resource for breeding (Dalton, 1987; Kumaresan et al., 2007) .
Most of the quantitative traits of commercial importance in silkworm are under complicated polygenic control under the influence of the environment (Rao et al., 2006) . For synthesizing the potential polyvoltine cross breeds, usually, the high yielding traits of bivoltine varieties and fitness traits of strains are hybridized as proper selection of potential and homozygous parents is very important (Rao et al., 2006) .
Islamic republic of Iran has valuable silkworm genetics resources. There are reports regarding peanut cocoon strains of Iran silkworm germplasm bank (Salehi et al., 2009 (Salehi et al., , 2010a (Salehi et al., , b, 2010c . However, no report about oval cocoon strains of Iran silkworm germplasm bank especially from the point of larval gain characteristics. The purpose of this experiment is to investigate the genetic diversity, classification and comparative study on the larval phenotypic data in all 54 oval cocoon strains of Iran silkworm Bombyx mori (Lepidoptera: Bombycidae) gene bank.
MATERIALS AND METHODS

This study was conducted in Iran Silkworm Research Center (ISRC)
and Islamic Azad University, Ghaemshahr Branch, Iran during the year 2008 to 2010. 54 silkworm strains were used in the present study. The strains included were 6/4-6/6, 104, 124-K, 120-K, 108-K, W2-11-19-2(110), W2-11-19-3, 1002-4-C-5, 1002-E-8-3 , GuilanOrange, Khorasan-Orange, Shown, T1-P, T5-P, CS120(7409), 104×110, 110×104(152) , 32×110, 110×32, 18-1, 1538 -8-2(114), 1538 , Mose.Black-Plain(2), 726(118), 1627-14-4-3, Koming-1(154), 1627-14-2-8, Mos.Black-Black(2), 823, 1640, 102(Shown), W2-13-9(108), 1001, W1-2-7, CS120(N19), Koming-2-5, W2-13-4, Y-5, 127-17, Lemon Khorasan, Lemon Haratee, White Haratee, Yellow Haratee, Pink Khorasan, and Baghdadi.
All silkworm germplasm rearing steps were conducted at Iran Silkworm Research Center (ISRC) as per the standard germplasm conservation program. Their silkworm rearing technique included single batch rearing system. Feeding and other conditions of larval rearing were conducted following the standard procedure (ESCAP, 1993) and all germplasm strains were reared under standards protocols. The quantitative characters viz. larval duration (hour), feeding larval duration (hour), molting larval duration (hour), 1-3 instars larval duration (hour), 1-3 instars feeding larval duration (hour), 1-3 instars molting larval duration (hour), 4-5 instars larval duration (hour), 4-5 instars feeding larval duration (hour), 4-5 instars molting larval duration (hour), 5 instar feeding larval duration (hour) and cocoon spinning duration (hour) were collected and using complete random design (CRD) model and GLM approach of SAS software. The model used for analyzing the data for each strain was yij=µ + Gi + eij where yij was record or observation from trait, µ was trait average, Gi was group effect (strain) and eij was residual effects. The angle transformation was used for those data which did not followed normal distribution. The Duncan's Multiple Range Test was used to compare the least-squares means. In addition, evaluation index and sub-ordinate function values were calculated for the studied traits. Evaluation index value (EI) for silkworm strains performance were calculated by using the following formula EI= [(A-B)/C]×10+50 (Mano et al., 1993) , where, A is the mean of the particular trait in a strain; B is the overall mean of particular trait in all strains; C is the standard deviation of a trait in all strains; 50 is the constant.
Sub-ordinate function is calculated by utilizing the formula Xu=(Xi-Xmin)/(Xmax-Xmin) (Gower, 1971) where, Xu is the subordinate function; Xi is the measurement of trait of tested strain; Xmin is the minimum value of the trait among all the tested strains; Xmax is the maximum value of the trait among all the tested strains.
The evaluation index and sub-ordinate function values for the all traits were calculated separately and average index value was obtained. Then studied silkworm strains are ranked based on average of evaluation index method and sub-ordinate function method.
Hierarchical agglomerative clustering was done by using NTSYSpc, version 2.02e (Rohlf, 1998 ) based on complete, single, Unweighted Pair-Group Method using Arithmetic (UPGMA), UPGMC, FLEXI approaches and SAS-pc (SAS, 1997) based on WARD and average approaches. However, method of average linkage between groups (Romesburg, 1984) under UPGMA average was considered as major and final protocol for data conclusion (Sneath and Sokal, 1973) and the resulting clusters were expressed as dendrograms. The clustering was based on the squared Euclidean distance. The average linkage between two groups is considered as the average of distance between all pairs of cases with one number from each group. Hierarchical clustering analysis was carried out by considering all studied parameters together.
RESULTS
The obtained results are summarized in Tables 1 to 4 . From the results, it was clear that different strains of silkworm B. mori showed different performance based on larval phenotypic data. The analysis of variance regarding to studied traits, showed that they differed significantly (P<0.01) among the different strains studied. The study reveals that the larval duration (hour) of the T1-P (590.000 h), Baghdadi (586.667 h), 106 (581.000 h), Shown (580.667 h), and 18-1 (580.333 h) strains remained significantly at upper level than other strains ( level in the W2-11-19-2 (41.000 h), W2-11-19-3 (41.000 h), T5-P (41.000 h), 104 (35.667 h), and 124-K (35.667 h) increased significantly in comparison with other strains (Table 1) . From the results obtained, it is showed that the 5 instars feeding larval duration (hour) of the T1-P (179.000 h), Tokaee-202 (174.000 h), 18-1 (173.333 h), Y-5 (172.667 h), and Shown (172.000 h) strains remained significantly at upper level than other strains respectively (Table 1 ). The and cocoon spinning duration (h) in Lemon Haratee (21.000 h), Yellow Haratee (13.000 h), Baghdadi (1.000 h), 104 (00.000 h), and 124-K (00.000 h) strains increased significantly in comparison with other strains (Table 1) .
Also, based on larval growth potential of strains were assessed on different parameters including larval duration (hour), feeding larval duration (hour), molting larval duration (hour), 1-3 instars larval duration (hour), 1-3 instars feeding larval duration (hour), 1-3 instars molting larval duration (hour), 4-5 instars larval duration (hour), 4-5 instars feeding larval duration (hour), 4-5 instars molting larval duration (hour), 5 instar feeding larval duration (hour), and cocoon spinning duration (hour). Recorded characteristics of larval weight using the evaluation index (Tables 2 and 4) and sub-ordinate function (Tables 3 and 4) methods and the details are as follows. Among germplasm strains, as per the evaluation index method, the strains T1-P (67.675 h), Baghdadi (65.356 h), 106 (61.413 h) , Shown (61.181 h), and 18-1 (60.948 h) showed higher evaluation index values for larval duration (hour) ( evaluation index values for feeding larval duration (hour) ( Table 2) . Meanwhile, as per the evaluation index method, the strains W2-11-19-2[110] (69.877 h), W2-11-19-3 (69.877 h), 1002-E-8-3 (69.425 h), 1002-4-C-5 (60.838 h) , and Guilan-Orange (59.482 h) showed higher evaluation index values for molting larval duration (hour) ( Table 2) . Among germplasm strains, as per the evaluation index method, the strains 1538-14-9[112] (68.75 h), CS120 (N19) (68.75 h), 4-4 (65.977 h), 32 (65.977 h), and 1002-4-C-5 (54.886 h) showed higher evaluation index values for 1-3 instars larval duration (hour) ( Table 2) . Among germplasm strains, as per the evaluation index method, the strains T1-P (31.548 h), Tokaee-202 (31.548 h), 18-1 (110.853 h), Y-5 (31.548 h), and Shown (31.548 h) showed higher evaluation index values for 5 instars feeding larval duration (hour) ( Table 2) . Also, as per the evaluation index method, the strains, Lemon Haratee (115.43 h), Yellow Haratee (79.014 h), Baghdadi (50.513 h), and 104 (48.138 h) showed higher evaluation index values for and cocoon spinning duration (hour) ( Table 2) .
Totally, T1-P (629.757), Baghdadi (620.191), 110×32 (613.690) , and 32 (611.407) showed higher evaluation index values (Table 4) . Among germplasm strains, as per the evaluation index method, all the strains showed same evaluation index values (0.000 h) for larval duration (hour) ( Table 2) . Also, among germplasm strains, as per the evaluation index method, all the strains showed same evaluation index values (0.000 h) for feeding larval duration (hour) ( Table 2) .
Meanwhile, as per the evaluation index method, the strains W2-11-19-2[110] (1.000), W2-11-19-3 (1.000), Mirhosseini et al. 18605 1002-E-8-3 (0.991), 1002-4-C-5 (0.825), and GuilanOrange (0.798) showed higher evaluation index values for molting larval duration (h) ( , and 106 (0.785) showed higher evaluation index values for 4-5 instars larval duration (hour) ( Table 2) . Also, as per the evaluation index method, the strains T1-P (1.000), (0.943), Baghdadi (0.902), Y-5 (0.799), and Tokaee-202 (0.776) showed higher evaluation index values for 4-5 instars feeding larval duration (hour) ( Table 2) .
Meanwhile, as per the evaluation index method, the strains W2-11-19-2[110] (1.000), W2-11-19-3 (1.000), T5-P (1.000), 104 (0.733), and 124-K (0.733) showed higher evaluation index values for 4-5 instars molting larval duration (hour) ( Table 2) . Among germplasm strains, as per the evaluation index method, the strains T1-P (1.000), Tokaee-202 (0.459), 18-1 (0.035), Y-5 (0.000), and shown (0.000) showed higher evaluation index values for 5 instar feeding larval duration (h) ( Table 2) . Also, as per the evaluation index method, the strains Lemon Haratee (0.112), Yellow Haratee (0.121), Baghdadi (0.135), 6/4, 6/6 (0.193) , and 104 (0.212) showed higher evaluation index values for and cocoon spinning duration (hour) ( Table 2 ). Totally, 4-4 (5.343), 32 (5.260), 110×32 (5.226), Pink Khorasan (5.155), and T1-P (5.108) showed higher sub-ordinate function values (Table 3) .
DISCUSSION
The cluster analysis revealed a clear division into some groups and sub-groups (Figures 1 to 7) . Various methods generated similar dendrograms. This study reveals the phylogenetic relationship of oval cocoon strains of Iran germplasm. Based on the data from studied characters, we constructed dendrograms that resolved the 54 silkworm strains into some major clusters. However, the strains of the same origin did not grouped together, demonstrating that they might have different biological Semi partial R squared Figure 1 . Cluster analysis based on all 37 studied larval development traits for 54 silkworm strains according to the grouping from WARD method using SAS.
Figure 2.
Cluster analysis based on all 37 studied larval development traits for 54 silkworm strains according to the grouping from average method using SAS. Figure 7. Cluster analysis based on all 37 studied larval development traits for 54 silkworm strains according to the grouping from UPGMA (Unweighted Pair Group Method Average) method using NTSYS.
